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DECLARATION UNDER 37 C.F.R. § 1.132 of HANS LOIBNER 
I, Hans Loibner, hereby declare and state as follows: 

1 . I am one of the co-inventors of the subject matter of the above-identified 
application. 

2. I am currently Chief Executive Officer of Igeneon Krebs-lmmuntherapie- 
Forschungs-und Entwicklungs-AG, a research based biotechnology company. 
Prior to that I was working as head of R&D of cancer vaccines for more than 
15 years. My Curriculum vitae is enclosed as Exhibit 1 . 

3. I have published over 15 scientific papers in the field of cancer research, a list 
of publications is enclosed as Exhibit 2 . 

4. I have read the Office communication of May 8, 2002, paper number 8, in the 
above-identified application and the documents cited therein. I make this 
declaration to make of record supplemental results, which further demonstrate 
the effectiveness of the methods described in the above-identified application. 



EXHIBIT 3 



5. Specifically I make this declaration to present the following experimental data 
generated in my laboratory under my direction and supervision: 

Example A 
Methods : 

Goats have been immunized with two different antibody preparations: 

a. HE2 Antibody as disclosed in the above-identified application 

b. 73-3 Antibody (anti-EpCAM, Hybridoma 1 986 (5) Suppll : 79-86, Exhibit 3 ) 

Two goats were immunized by intradermally injecting of 1 .5 mg of each 
antibody preparation using Freunds Complete Adjuvant. Following initial 
vaccination, a booster injection was given on day 8 using Freunds Incomplete 
Adjuvant. A second booster injection was given day 29, however, with no 
adjuvant. Binding of antibodies to EpCAM-positive tumor cells (KATO III 
gastric cancer cell line) was tested in pre-serum and in serum of day 54. As a 
control EpCAM negative cells (WM9 melanoma cells) were used. Testing was 
performed employing a cell-ELISA as described in the above-identified 
application. 

Results : 

The results are illustrated by the figure of Exhibit 4 : Purified antibodies 
produced after vaccination with HE2 was called SCV106, antibodies produced 
after vaccination with 73-3 antibody was called "goat anti-id 73-3". "Goat IgG" 
purified from non-vaccinated goats, was used as a control. 

Goat immunosera contained immunoglobulins that bind to EpCAM positive 
KATO cells. There was no binding to WM9 control cells. In pre-serum there 
were no such antibodies binding to the KATO cells. It was thus proven that 
vaccination with the anti-EpCAM antibodies HE2 and 73-3, which bind to 
different epitopes of the EpCAM molecule, induced again antibodies against 
the EpCAM molecule. 



Example B 
Methods: 

Rhesus monkeys have been immunized with two different antibody 
preparations: 

a. HE2 Antibody as disclosed in the above-identified application 

b. KS1/4 Antibody (anti-EpCAM, Cancer Research 44, 681-687 (1984) 
Exhibit 5 ) 

Two rhesus monkeys were immunized by intradermal injections of each of the 
antibody preparations (0.5 mg) at day 1, 15, 29 and 57. Blood samples were 
tested for antibody titers on day 0 (preserum) and day 71 . Antibodies were 
isolated by immunoaffinity chromatography using sequential immunoaffinity 
chromatography. The first column contained the immunizing agent as ligand, 
i.e. antibody HE2 or KS1/4, to isolate immunoglobulins resulting from the 
immune response. The second column contained recombinant EpCAM as 
ligand. Thus, the EpCAM specific immune response was isolated and 
quantified. 

Results : 

The results are provided in the following table: Presera contained no specific 
antibodies. Specific antibodies, however, were isolated from the immune sera 
of both groups. Thus, vaccination with both anti-EpCAM antibodies induced 
an antibody titer specific for EpCAM positive tumor cells. 



Table: 



Immunizing antibody 


Immune response specific for EpCAM 
(/c/g Immunoglobulin/ ml serum) 


0.5 mg HE2 


53 


0.5 mg KS1/4 


110 



7. 



It is my belief that based on the data showing that the nriethod as disclosed in 
the specification provides a valid teaching about the production of a cancer 
vaccine that exhibits similar properties as the vaccine based on the HE2 
antibody. Antibodies used to manufacture a vaccine according to the present 
application were 73-3, KS1/4 and HE2, each of them binds to different 
epitopes of EpCAM. According to the disclosure of the present application it 
was possible to provide suitable vaccines based on these antibodies that 
proved to provoke an immune response directed against EpCAM positive 
tumor cells. 

One of skill in the art learning from the specification that an anti-EpCAM 
antibody like HE2 is a suitable antigen in cancer vaccines, would be able to 
easily manufacture a vaccine based on any anti-EpCAM antibody. 
I further declare that all statements made herein of my own knowledge are 
true and that all statements made on information and belief are believed to be 
true; and further that these statements were made with the knowledge that 
wilful false statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such wilful false statements may jeopardize the validity of this 
application or any patent issuing thereon. 




Signed this / i 
July, 2002 
At Vienna, Austria 




day of 
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Declaration of HANS LOIBNER 
Exhibit 1 



Curriculum Vitae 
Hans Loibner, Ph.D. 



Date of Birth; 
Place of Birth: 
Citizenship: 

Address: 



Home address: 

Family status: 
Education: 

1975 - 1977 
1977 

1977- 1979 



1979-1984 



1981-1984 



1984-1986 



October 16, 1947 
Vienna, Austria 
Austria 

Igeneon Krebs-lnnmuntherapie Forschungs- und Entwicklungs-AG 
Brunner Strasse 59, A-1230 Vienna, Austria 
Tel: + 43 1 869 8050 245 
Fax: + 43 1 869 8050 289 

Heimgasse 23, A-1238 Vienna, Austria 
Tel: +43 1 888 7615 

Divorced, 4 children 

Primary school 
High school 

University Vienna: Chemistry 

Thesis at Department of Organic Chemistry, 

Prof.Dr.E.Zbiral, University Vienna, in synthetic organic chemistry 

Ph.D. 

Postdoctoral fellow at Sandoz Forschungsinstitut (SFI): 

Chemical synthesis of new aminoglycoside antibiotics with improved properties 

(active against resistant strains and less toxicity); 

Creation of an efficient system for preparative medium pressure high 

performance liquid chromatography. 

Head of a chemistry laboratory at SFI: 
Synthesis of aminoglycoside antibiotics as above; 
synthesis of immunostimulants. 

Head of working group "Aminoglycoside-Antibiotics" 

Coordination of all activities in chemistry, biology and toxicology for 
characterization of novel aminoglycoside antibiotics and identification of 
development candidates. 

Head of Department "Molecular Enzymology" at SFI: 
Main tasks: 

Mechanism based strategies for discovery and characterization of 
substances for immunostimulation 

Enzymatic preparative synthesis and biological characterization of 
lipid-A analogs 

Enzymological and cellular tests for assessment of macrophage 
stimulation 

Protein chemistry, protein purification and -analytics 



2 



1986 - 1989 Head of Department "Antibodies" at SFI: 

Main tasks: 

Discovery, profiling and development of antibody-based immunotherapies 
against cancer, in particular tumor specific monoclonal antibodies for 
passive immunotherapy and anti-ldiotypic antibodies for therapeutic 
vaccination 

Generation and characterization of new monoclonal antibodies for all 
research purposes of the institute 

Fermentation of bacteria as well as of mammalian cells for production of 
proteins 

Protein purification and -analytics; automated peptide synthesis. 

1987 - 1994 Head of International project teams 

Responsibility for coordinated international preclinical and in particular clinical 
development of projects in specific cancer immunotherapy 
(ABL 364: monoclonal antibody for passive immunotherapy, SCV 106: antl- 
idiotypic antibody vaccine for therapeutic vaccination), together with internal 
departments and involved external clinical centers. 

1990 - 1994 Head of Department "Special Projects" at SFI: 

Main tasks: 

Assessment of immunological and serological parameters of cancer 
patients in the context of clinical studies with cancer immunotherapy 
approaches developed at SFI 

Generation and preclinical profiling of new projects in specific 
cancer immunotherapy 



1995 



1996 



1997- 1999 



1999-2001 



Head of Department Genetics at SFI 

Main tasks: 

Establishment of highly automatized methods for comprehensive analysis 
of expressed genes as novel tool for identification of molecular targets for 
disease intervention in all disease areas of interest for Sandoz Pharma 
Shaping of the collaboration with Prof.Lehrach, MP! Berlin 
regarding Fingerprinting analysis of expressed genes 
Responsibility for preclinical development of an anti-idiotypic 
antibody vaccine against epithelial cancer (MMA 383) generated at 
SFI in the context of an international project team 

Head of MMA 383 Support Group at SFI 

Main task: 

Support of further development of the anti-idiotypic antibody vaccine MMA 383, 
aiming at initiation of clinical proof of concept trials 1/1997 

Head of Oncology Group Vienna at Novartis Forschungsinstitut 
Main tasks: 

Support of the anti-idiotypic antibody vaccine MMA 383 as above. Basic 
research in the area of active specific immunotherapy. 

Head of Igeneon GmbH 

Development of cancer vaccines and immunotherapies 



2001 - 



CEO, Igeneon Krebs-lmmuntherapie Forschungs-und Entwicklungs-AG 
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Declaration of HANS LOIBNER 
Exhibit 2 

List of publications 
Hans Loibner, Ph.D. 

Full papers and book chapters 

Increased expression of the blood group related LeY antigen on synovial fluid granulocytes 
of patients with inflammatory joint diseases 

M. Dettke, G. Palfi, E. Pursch, E. Leeb, J. Smolen and H. Loibner 
Rheumatology (Oxford). 2001 Sep;40(9):1 033-7. 

Activation-dependent expression of the blood group related Lewis Y antigen on peripheral 

blood neutrophils 

M. Dettke, G. Palfi and H. Loibner 

J Leukoc Biol. 2000 Oct;68(4):51 1 -4. 

Different types of FCgamma-receptors are involved in anti-Lewis Y antibody induced 

effector functions in vitro. 

M. Dettke, H. Loibner. 

Br J Cancer 82. 441-445 (2000) 

A double blind randomized trial comparing immunization with anti-idiotype goat antibody 
vaccine SCV 106 versus unspecific goat antibodies in patients with metastatic colorectal 
cancer 

H.Samonigg, M.Wilders-Truschnig, I.Kuss, R.PIot, H.Stoger, M.Schmid, T.Bauernhofer, 
A.Tiran, T.Pieber, L.Havelec and H. Loibner 
J. Immunother 22, 481-488 (1999) 

Humanized Anti-Lewis Y Antibodies: In Vitro Properties and Pharmacokinetics in Rhesus 
Monkeys 

M.S. Co, J.Baker, K.Bednarik, E.Janzek, W.Neruda, P.Mayer, R.PIot, B. Stumper, 
M.Casquez, Gary Queen and H. Loibner 
Cancer Research 56, 1 1 1 8-1 1 25 (1 996) 

Reduction of metastatic carcinoma cells in bone marrow by intravenously administered 
monoclonal antibody: Towards a novel surrogate marker for monitoring adjuvant therapies 
of solid tumors 

G. Schlimok, K.Pantel, H. Loibner, I.Fackler-Schwalbe, G.RiethmuIler 
Eur. J. Cancer 31 A, 1799-1803 (1995) 

Enzymatic synthesis of analogs of bacterial lipid A and design of biologically active LPS- 
antagonists and -mimetics. 

M. Bulusu, H.Hildebrandt, C.Lam, E.Liehl, H. Loibner, I.Macher, D.Scholz, E.Schutze, 
P.Stutz, H.Vyplel, F.Unger 

Pure and Applied Chemistry 66, 21 71 -21 74 (1 994); 

Enhancement of retroviral infection in vitro by anti-LeY IgG: Reversal by humanization of 
monoclonal mouse antibody 

J.E.Hansen, A.M.Sorensen, M.Arendrup, C.Nielsen, S.OIoffson, J.O.Nielsen, E.Janzek, 

H. Loibner 

APMIS 101, 711-718 (1993) 



List of publication 
Hans Loibner, Ph.D. 
July 2002 
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Model for measurement of micrometastasis in epithelial tumours 

G. Schlimok, K.Pantel, F.LIndemann. H.Loibner, G.Riethmuller 

In: Hemopoietic Growth Factors and Mononuclear Phagocytes; Van Furth R. (ed.), PP 1 68- 
176 (1993) 

Immune response to tumor antigens in a patient with colorectal cancer after immunization 
with anti-idiotype antibody 

H. Samonigg, M.Wilders-Truschnig, H.Loibner, R.PIot, A.Rot, I.Kuss, G.Werner, H.Stoger, 
M.Wrann, D.Herlyn, H.Koprowski 

Clin. Immunol, and Immunopath. 65, 271-277 (1992) 

Enzymatic synthesis and comparative biological evaluation of a phosphonate analog of the 
lipid A precursor 

D.Scholz, K.Bednarik, G.Ehn. W.Neruda, E.Janzek, H.Loibner, K.Briner and A.Vasella 
J. Med. Chemistry 35, 2070-2074 (1992) 

Phase l/li study of monoclonal antibody against Lewis Y hapten in relapsed small cell lung 
cancer 

R.A.Stahel, H.Lacroix, J. P. Sculler. R.Morant, J.Richner, E.Janzek, H.Loibner and 
H.BIythman 

Ann. of Oncology 3, 319-320 (1992) 

Synthesis of fluorinated analogues of Lipid A 

H.Vyplel, D.Schoiz, H.Loibner, M.Kern, K.Bednarik and H.Schaller 

Tetrahedron Letters 33, 1261-1264 (1992) 

Polyclonal anti-idiotypic antibodies mimicking the small cell lung carcinoma antigen 
cluster-5A interact with a panel of antibodies and induce specific immune response in 
animals 

C. Zwicky, R.A.Stahel, H.Jaksche, R.Waibel, H.P.Lehmann and H.Loibner 
Brit. J. Cancer 63, Suppl. XIV, 67-70 (1 991 ) 

Biological activity in the human system of isotype variants of oligosaccharide Y specific 
murine Mabs 

D. Schoiz, M.Lubeck, H.Loibner, J. McDonald-Smith, Y.Kimoto, H.Koprowski and 
Z.Steplewski 

Cancer Immunol. Immunther. 33, 153-157 (1991) 

Tumor cell lysis and tumor growth inhibition by the Isotype variants of Mab BR55-2 directed 
against Y oligosaccharide 

Z.Steplewski, M.Lubeck, D.Schoiz, H.Loibner, J. McDonald Smith and H.Koprowski 
In Vivo 5, 79-84 (1991) 

Treatment of a colon carcinoma patient with SDZ SCV 106 (anti-id 17-1 A), a case study 
H.Samonigg, H.Loibner, M.Wilders-Truschnig, R.PIot, H.P.Brezinschek, A.Rot, I.Kuss, 
G.Werner, H.Stoger, M.Wrann, M.Schmid, G.H.Schneider, K.Arian-Schad, M.KIimpfinger, 
D.Herlyn and H.Koprowski 

Proceedings of an International Symposium organized by the Department of Internal 
Medicine, Barmherzige Bruder Eggenberg Hospital, Graz, March 16, 1990; 1991 in: Modern 
aspects of tumor diagnosis and treatment. O.Eber, P.Lind, W.Langsteger (Eds.) 



List of publication 
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Immunoreactivity of patient with colorectal cancer metastasis after immunization with 
antiidiotypes 

H.Loibner, R.PIot, A.Rot, G.Werner, M.Wrann, H.Samonigg, M.Schmid, H.Stoger, 
M.Truschnigg, D.Herlyn et al. 
Lancet 335. 171 (1990) 

Oligosaccharide Y specific monoclonal antibody and its isotype switch variants 
Z.Steplewski, M.BIaszczyk-Thurin, M.Lubeck, H.Loibner, D.Scholz, H.Koprowski 
Hybridoma 9, 201-210 (1990) 

Chemical synthesis of endotoxin analogs and some structure activity relationships 
P.LStutz, H.Aschauer, J.Hildebrandt, C.Lam, H.Loibner, LMacher, D.Scholz, E.Schutze, 
H.Vyplel 

Int. Congr.Ser.- Excerpta Med. 923 , In: Cell. Mol. Aspects Endotoxin React, pi 29-1 44, Eds.: 
Nowotny A., Spitzer J., Ziegler E., Amsterdam, Elsevier (1990) 

Selective one step synthesis of N-acetylated polyamines and a HPLC-system for 
their analytical separation 
H.Loibner, G.SeidI 

Recent Progress in Polyamine Research, 1985; L.Selmeci, M.E.Brosnan, N. Seller (Eds.), 
P597-605 (1985) 

Reductive methylation of primary and secondary amines with formaldehyde and 
phosphorous acid salts 
H.Loibner, A.Pruckner, A.Stutz 
Tetrahedron Lett. 25, 2535-2536 (1984) 

Synthesis and structure/activity relationships of new guanidino derivatives of aminoglycoside 
antibiotics 

W.Streicher, H.Loibner, J.Hildebrandt, F.Turnowsky 
Drugs Exp. Clin. Res. 9, 591-598 (1983) 

Role of the 1 -amino group in aminocyclitoi antibiotics: Synthesis of 1-deaminogentamicin C2 
M.Philippe, B.Quiclet-Sire, A.M. Sepulchre, S.D.Gero, H.Loibner, W.Streicher, P.Stutz, 
N.Moreau 

J.Antibiot. 36, 250-255 (1983) 

1-N-Acylation of gentamicin CI a by a cyclic, chiral gamma-amlno-alpha-hydroxy acid related 
to the (S)-4-amino-2-hydroxybutyric acid 

M.Philippe, A.M. Sepulchre, S.D.Gero, H.Loibner, W.Streicher, P.Stutz 
J. AntibioL 35, 1507-1512 (1982) 

A low-cost medium-pressure liquid chromatography system for preparative separations 
H.Loibner, G.SeidI 

Chromatographia 12, 600-604 (1979) 

Synthesis of 3-deoxy-3-aminovitamin D3 and 3-deoxy-3-epiamino-vitamin D3 and D2 
H.Loibner, E.Zbiral 

Tetrahedron Lett. 34, 713-716 (1978) 



List of publication 
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Reactions with organophosphorus compounds, XLIII. Structural modifications of nucleosides 
by means of triphenylphosphane/diethyl azodicarboxylate 
H.Lolbner, E.Zbiral 

Justus Liebigs Ann. Chem. 1, 78-86 (1978) 

Reactions using triphenylphosphane/azodicarboxylate. 2. Reactions with organo- 
phosphorus compounds. XLII. Nucleophilic substitution reactions of hydroxysteroids using 
triphenylphosphane/diethylazodicarboxylate 
H.Lolbner, E.Zbiral; Helv. Chim. Acta 60, 417-425 (1977) 

Reactions with organophosphorus compounds. XLL New synthetic aspects of the 
triphenylphosphine-diethyl azodicarboxylate-hydroxy compound system 
H.Loibner, E.Zbiral 

Helv. Chim. Acta 59, 21 00-21 1 3 (1 976) 



Poster and oral presentations (1990-1998) 



Phase I trial of cancer vaccine IGN101 in patients with epithelial cancers 
H.Samonigg, G.Hofmann, S.Schagerl, G.Himmler, T.Putz, H.Loibner 
Proceedings of ASCO Vol. 21 , 2002. abstract 1898 

Reduction of EpCAM positive cells in per9ipheral blood of patients with epithelial cancers 
following vaccination with the cancer vaccine IGN101 

H.Loibner, G.Himmler, T.Putz, B.Peball, G.Hofmann, S.Schagerl, H.Samonigg 
Proceedings of ASCO Vol. 21 , 2002, abstract 1899 

Sequential affinity purification of antibodies induced by vaccination with MMA383: 
quantitative and qualitative characterization 

E.Wasserbauer, G.Ehn, R.PIot, F.Sussenbacher, A.Neubauer, W.Neruda and H.Loibner 
Poster, ISPPP '98, Nov. 1 - 4, 1998, Vienna 

MMA 383: Anti-idiotypic antibody mimicking the Lewis Y carbohydrate for vaccination 
against epithelial cancer 

H.Lolbner, R.PIot, E.Wasserbauer, G.Ehn, P.Mayer, E.Janzek, W.Neruda, G.Rossbacher, 
W.KInzy 

Poster, Symposium Antibodies -Molecular, Cellular and Clinical Aspects, April 22-24, 1998 
NewYork City 

Anti-Lewis Y cancer vaccine MMA 383, 
H. Loibner, C. Smith 

Lecture, BTDG Meeting Sept. 1997, Vienna 

Charge microheterogeneity of a murine monoclonal lgG1 anti-idiotypic antibody 
G.Waxenecker, E.Wasserbauer, H.Katinger and H.Loibner 
Lecture, 45*^ interlaken Conference, March 1997, Switzerland 

Separation of a murine monoclonal lgG1 anti-idiotypic antibody in isoforms by 
multicompartment electrophoresis 

G.Waxenecker, E.Wasserbauer, H.Katinger and H.Loibner 
Lecture, 45*^ Interlaken Conference, March 1997, Switzerland 
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Monoklonale Anikorper und anti-idiotypische Antikorper in der Krebstherapie 
H.Loibner 

Lecture, CEIP-Continuing Education in Industrial Pharmacy , Basel, 28.11.95 

Expression of the Lewis Y oligosaccharide, a blood group-related difucosyl lacto type II 
series antigen, on human myeloleukemic cell lines and mature peripheral neutrophils 
M.Dettke, G.Palfi, E.Rude, H.Loibner 
Poster, Jahrestagung ESCI, Cambridge, UK, April 1995 

Immunization with anti-idiotype vaccine SCV 106 prolongs survival time of cancer patients 
with metastaticcolorectal cancer: A randomized double blind clinical trial 
H.Samonigg. M.Wilders-Truschnig, I.Kuss, R.PIot, H.Stoger, M.Schmid, 
T.Bauernhofer, A.Tiran, L.Havelec and H.Loibner 

Poster, Jahrestagung d. Deutschen und Osterreichischen Gesellschaft f. Hamatologie und 
Onkologie, Vienna, Onkologie 17, S2, S.125. Abstr. 498 (1994); 
Lecture, Third International Symposium Biological Therapy of Cancer , 
April 19-22, 1995, Munich, Germany 

Vaccination of rhesus monkeys with an anti-idiotype antibody mimicking Lewis Y: 
Enhancement of the anti-tumor immune response by repeated administrations 
of rhGM-CSF 

H. Loibner, E.Janzek, B. Stumper, P.Mayer, E.Liehl 

Poster, Jahrestagung d. Deutschen und Osterreichischen Gesellschaft f . Hamatologie und 

Onkologie, Vienna, Onkologie 17, S2, S.92, Abstr. 365 (1994); and 

Poster, 3rd International Symposium Biological Therapy of Cancer , Munich, 

19-22 April 1995 

Individual metastatic carinoma cells in bone marrow of cancer patients are depleted by 

treatment with a monoclonal antibody directed against Lewis Y 

G.Schlimok, G.Riethmuller, K.Pantel, I.Fackler-Schwalbe, H.Loibner 

Poster, Jahrestagung d. Deutschen und Osterreichischen Gesellschaft f. Hamatologie und 

Onkologie, Vienna, Onkologie 17, S2, S.I 29, Abstr. 513 (1994) 

Phase II study of a multiple dose intravenous administration of a murine monoclonal lgG3 
antibody (SDZ ABL 364) in brest carcinoma patients with low tumor burden 

I. Kuss, H.Samonigg, H.Stoger, A.-K.Kasparek, M.Schmid, T.Bauernhofer, R.Moser, 
F.PIoner, E.Derstvenscheg, C.Lackner, M.Wilders-Truschnig, R.PIot, H.Loibner 
Poster presentation, Jahrestagung der Deutschen und Osterreichischen Gesellschaft fur 
Hamatologie und Onkologie, Vienna, Onkologie 17, S2, S.86, Abstr. 341 (1994) 

A high molecular weight glycoprotein bearing blood group related carbohydrate antigens of 
the Lewis family (LeX; LeY) is shed by epithelial tumor cells in vitro and in vivo 
M.Dettke, F.Sussenbacher, E.Wasserbauer, E.Rude, H.Loibner 

Poster presentation, Jahrestagung der Deutschen und Osterreichischen Gesellschaft fur 
Hamatologie und Onkologie, Vienna, Onkologie 17, S2, S.24, Abstr. 95 (1994); and 
Annual Meeting of the European Society for Clinical Investigations, Toledo, April 
1994 



List of publication 
Hans Loibner, Ph.D. 
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Humanized anti-Lewis Y antibody - in vitro properties and pharmacokinetics in 
rhesus monkeys 

H.Loibner, K.Bednarik, EJanzek, W.Neruda, P.Mayer, M.S. Co 

Poster presentation, Jahrestagung der Deutschen und Osterreichischen Gesellschaft fur 
Hamatologie und Onkologle, Vienna, Onkologie 17, S2, S.92, Abstr. 368 (1994); and 
SBT 1993, Nashville, Tennessee, Abstracts of the Society for Biological Therapy, Annual 
Meeting, J. Immunother. 14. p358 (1993) 

A monoclonal anti-idiotypic antibody that mimics the Lewis Y carbohydrate antigen - 
crossreactivity with a CDR-grafted version of Abl as proof of internal image properties 
H.Loibner, H.Jaksche, R.PIot, E.Pursch and E.Janzek 

Poster presentation, Jahrestagung der Deutschen und Osterreichischen Gesellschaft fur 
Hamatologie und Onkologie, Vienna, Onkologie 17, S2, S.92, Abstr. 366 (1994); and 
SBT 1993, Nashville, Tennessee, Abstracts of the Society for Biological Therapy, Annual 
Meeting, J. Immunother. 14, p357 (1993) 

A monoclonal anti-idiotypic antibody that mimics the Lewis Y carbohydrate antigen - 
immunization of rhesus monkeys leads to a strong immune response specific for Lewis Y 
positive cancer 

H.Loibner, H.Jaksche, E.Janzek, M.Attinger, M.Azria 

Poster presentation, Jahrestagung der Deutschen und Osterreichischen Gesellschaft fur 
Hamatologie und Onkologie, Vienna, Onkologie 17, S2, S.92, Abstr. 367 (1994); and 
SBT 1993, Nashville, Tennessee, Abstracts of the Society for Biological Therapy, Annual 
Meeting, J. Immunother. 14, p357 (1993) 

Immunization of rhesus monkeys with an anti-idiotype antibody mimicking Lewis Y: 
Enhancement of the anti-tumor immune response by repeated administrations of rhGM-CSF 
H.Loibner, P.Mayer, E.Liehl 

Short oral communication, AACR 1994, April 10-13, 1994, San Francisco 

A monoclonal anti-idiotypic antibody that mimics the Lewis Y carbohydrate antigen - 
Internal image properties and induction of a strong anti-tumor immune response in rhesus 
monkeys 

H.Loibner, K.Bednarik, H.Jaksche, W.Neruda, R.PIot, E.Pursch, E.Janzek 
Poster presentation, AACR, Nov. 7-11, 1993, Asheville, North Carolina 

Real-time biospecific interaction analysis for the characterization of anti-idiotypic antibodies 
H.Loibner, R.PIot, E.Janzek 

Oral presentation, BIA-Symposium, Sept. 1993, London 

Monoclonal Lewis Y antibody for treatment of breast cancer patients: Demonstration of 
depleting effect on metastatic cells in bone marrow 

G. Schlimok, I.Fackier-Schwalbe, K.Pantel, H.Loibner, G.Riethmuiler 
Poster, ASCO 1993, May 1993, Orlando, USA 

Proc. Annu. Meet. Am. Soc. Clin. Oncol. 12: A939, 1993 

Properties of humanized monoclonal antibodies directed against the Lewis Y carbohydrate 
antigen 

H. Loibner 

Lecture at Scripps Research Institute, La Jolla, California, USA, March 17, 1993 
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Murine lgG3 anti-Lewis Y antibody SDZ ABL 364 and its mouse/human chimera stimulate 
the secretion of TNF in ADCC via engagement of monocytic Fc II receptors 
M. Dettke, H.Loibner 

Poster, 8th International Conference on Monoclonal Antibody Immunoconjugates for 
Cancer, 18.-20.3.1993, San Diego, USA 

Generation and characterization of humanized anti-Lewis Y antibodies 
H.Loibner, K.Bednarik, E.Janzek, W.Neruda, R.PIot, M.S. Co, J.Baker 
Poster, IBC Concerence, 14.-16.12.1992, San Diego, USA; 

Poster, 8th International Conference on Monoclonal Antibody Immunoconjugates for 
Cancer, 18.-20.3.1993, San Diego, USA 

Inflammation at tumor site induced by treatment of breast cancer patients with anti Lewis Y 

Mab SDZ ABL 364; assessment by thermographic equipment 

H.Samonigg, H.Stoger, M.Wilders-Truschnig, E.Janzek, R.PIot, H.Loibner 
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ABSTRACT 



A class switch variant of hybridoma C019-9 secreting IgGZa antibodies was shown 
to have the same immunoperoxidase binding pattern in human tissue as the Igbl 
antibody secreted by the parental hybridoma. The IP tissue ^l^'^V^l^ffll-^ 
and 17-lA monoclonal antibodies which have been suggested to bind to struc 
turally related antigens were compared; although quite similar in distribution 
some differences were noted. GA73.3 bound to 12/12 colon carcinomas compared to 
17-lA which reacted with 11/12 tumors. In several cases, the percentage of 
rells reactive with GA73.3 (90-100%) exceeded those reactive with 17-lA 
al-lsi) Additionally, the intensity of reactivity for GA73.3 was consistently 
greater than that seen with 17-lA. The detection of murine antibody bound to 
Cn tissues following therapeutic infusion of 19-9 IgG2a "-J^e^^l^ J^^^^red^ 
Detection of antibody-antigen complexes was seen less often in patients who had 
received 19-9 IgG2a (2/6) than in patients who had received GA73.3 (b/bj. 
Additionally, the presence of murine immunoglobulin was seen only in the extra 
cellular mucin of the patients receiving 19-9 IgG2a. whereas strong cellular 
binding of murine immunoglobulin was noted following infusion with GA73.3. 



INTRODUCTION 



Previous studies have shown the formation of antigen-antibody complexes in tis 
sues after systemic infusion of murine antibody 17-lA in patients with advanced 
colorectal carcinoma. ( -) These studies showed that murine antibody could be 
detected in tumor tissue 1-2 days following infusion, but was no longer detected 
1-3 weeks following therapy. (-5 Monoclonal antibody GA73.3 is an antibody 
with binding specificity to various human tumors and which is tumoricidal in 
vUro and in vivo in nude mice.^) For this reason it was selected for use in a 
clinical trial for patients with colorectal carcinoma. Recently anti-anti 
idiotypic antibodies (Ab3) were made to the GA73.3 i^bl)^ > ^ . . . 
Class switch variants of the hybridoma C019-9 have been selected and stud- 
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Ihln°rn'K'''" ''■"^'"3 specificities. ('O The IgG2a switch variant has been 
l5nesi-) ""^'"^ specificity to live colorectal carcinoma cell 

The aim of these human tissue immunoperoxidase studies was severalfoiri 

GA7I 3 TJ^Ttl^lK'' ""'""'"^ 19-9 IgG2a a d the parenta ?gGl of 

rAM^ /w^---''^'''"'- """^ '^^^^^^ structurally similar antigens and of GA73 3 
(Abl) and a murine anti-anti-idiotypic antibody (Ab3). We a?so characterized 
the formation of murine antibody-antigen complexes in a new series of oat fnt. 
who received monoclonal antibody immunotherapeutic infusion patients 



MATERIALS AMD METHODS 

Patients 

lo^toH °r "malignant tissues from different sites were col- 

Jor !SvInrrHT?'"V'?"'''"'"'- ^J'"^" ^"^^^"^^ ^" ^" i-^rnunotherapeuttc ^rial 
for advanced colorectal carcinoma had tissue removed during this trial for IP 
studies. The patients included 6 patients who received 19-9 IgG2a for co^on 
carcinoma: the stage at time of presentation included 2 patients wUh staae B2 

Monoclonal antibodies 

lar.binding speci^icit^t^^Je SWinrc^fo^rec^^^rc^^ ^no^^^^ 

nant tissue has Le ^^escr^il^^'.^^^^^^^^^ -lig- 
(referred to as Abl) is an antibody showing specificity ana nst a variptv of ^ 
human tumors and has tumoricidal activity in vitro and in v.nS^ variety of 

^l'(ir^l^^''V^''J\''^ GA73^3\"nt^•b^Vh1sY^:rL^e" d^escri 

binding affinity to the 30-37 Kd antigen detected by GA73 3 7o Anfvh.r 7 ia 
(IgG2a) has been described in detail elsewhere (S'^,---) MAh/w! ^ 1'^^ 
supernatant fluid fro. cell culture grown hjbrido^a c lis. egat .e^'' 

control, supernatant of myeloma P3X63Ag3 was used. negative 

Immunoperoxidase- assay (IP) 

it -70-C Z'rf,:'"-,'^,"/""'- "1"" n trog°r . d stored 

nfused »r,„. ,..„„„g,„b„H„ the IP proceddr. .„ p.rforLd .1 SoS^ «lep, 

Showed IP c:t;,ininn fiO ""'J^^^^^^^ sectioos that had bound murine ant body 
dJa°S and^;:un"te"d' with co'ee^sl ?ps^'""' counterstained with hematoxylin, /eUy- 
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RESULTS 



Comparison of immunoreacti vity in tissue of therapeutic MAb 

Parallel sections of normal and malignant tissues were tested with either 
19-9 IgG2a or the IgGl antibody secreted by the parental hybridoma C019-9. The 
binding reactivity of the two antibodies were indistinguishable; these results 
are summarized in Table 1. In normal colon the antibodies bound to 5-100% of 
colonic cells. Binding was seen in nongoblet colonic cells only. Strong stain- 
ing was also noted in bronchial epithelium and submosal glands as well as pan- 
creatic ducts. Binding was not seen in the kidney or bone marrow. As in normal 
tissues, the binding patterns of 19-9 Ig62a and 19-9 IgGl antibodies in tumors 
were similar with maximal expression in adenocarcinomas. The percentage of 
reactive cells varied from 5 to 100%; in two patients with colon carcinoma, 
binding was seen predominantly in the mucin and necrotic material associated 
with the malignant cells. Reactivity in viable tumor cell was seen in less than 
5% of the cells in these two patients. 

The binding of GA73.3 and ant i-col orecta 1 carcinoma antibody 17-lA were 
compared in a series of frozen tissues from the colon. GA73.3 bound strongly to 
12/12 colon carcinomas compared to 17-lA, which bound to 11/12 colon carcinomas 
(Table 2). In several cases, the percentage of cells showing reactivity dif- 
fered significantly with GA73,3 binding to 90-100% of the tumor cells and 17-lA 
with 10-25% of the cells. The degree of intensity was also different. Staining 
with GA73.3 consistently resulted in a strong ++ reaction, whereas staining with 
17-lA gave a + reaction. In one patient, 17-lA was undetectable, whereas GA73.3 
was seen in 100% of the tumor and normal cells. A difference in intensity of 
reactivity and % of reactive cells with the two antibodies interestingly was not 
as often seen in normal colonic mucosa (Table 2). Serial sections of normal and 
malignant tissue from two patients were tested with GA73.3 (IgG2a) and the mon- 



TABLE 1. COMPARISON OF IMMUNOREACTIVITY USING IP ASSAY 



Ti ssues 



19-9 r2a 



19-9 rl 



Normal and adj. normal 
Kidney 
Bone marrow 
Col on 
Stomach 
Lung 

Pancreas 
Carcinomas 



0/4 
0/2 
5/8 
0/5 
1/1 
5/6 



0/4 
0/2 
5/8 
0/5 
1/1 
5/6 



Colon 
Stomach 
Pancreas 
Lung 



S/11 
2/2 
2/2 
1/1 



8/11 
2/2 
2/2 
1/1 
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TABLE 2. COMPARISON OF IMMUNOREACTIVITY IN FROZEN SECTIONS OF 
NORMAL AND MALIGNANT COLONIC MUCOSA FOR GA 73-3 and 1/-1A 



Pat i ent 


Normal 

GA /3-J 


* 

1 7 — 1 A 
i / lA 




73-3 


Tumor* 

17-lA 


1 


++ 100 


0 


+ + 


100 


0 


2a 
2b 


0 

++ 100 


+ 100 

. 1 fin 
+ xuu 




100 


+ 100 


3 


++ lUU 


+ iUU 




100 


+ 100 


4 








1 nn 


++ 100 


6a 
5b 


- 


- 


+ + 


100 
100 


+ 80 
++ 80 


6 






+ 


90 


+ 25 


7 


++ 100 


++ 100 


+ + 


100 


++ 100 


8 


++ 100 


++ 100 


+ 


100 


+ w 10 


9 


++ 100 


+ 100 


+ + 


100 


+ 50 


10 


++ 100 


0 


+ + 


100 


+ 10 


11 


++ 100 


+ 50 luminal 


+ + 


100 


+ w 10 


12a 
b 


++ 100 
++ 100 


++ 100 
++ 100 


+ + 
+ + 


100 
100 


+ 50 
++ 80 



*Tissues studied were taken after therapy unless otherwise indicated. 



a = before therapy; b = after therapy; - = not done; w = weak reacting. 



oclonal anti-anti-idiotypic antibody CE 5G6 (IgGl). In frozen tissue the bind- 
ing reactivity of the two antibodies was indistinguishable, whereas IP staimng 
was not detectable using CE 5G6 on fixed tissue from the same patient (Table 3). 



Detection of murine immunoglobulin in tissues following therapeutic infusion 

Tissue removed from patients having received either GA73.3 or 19-9 IgG2a 
antibody intravenously was tested for the presence of bound murine immunoglobu- 
lin. In some patients frozen tissue prior to infusion was also tested. 
Tissues were removed 1-2 days after monoclonal antibody infusion and included 
recurrent carcinoma, carcinoma metastatic to liver and normal rectal or colonic 

mucosa. - , i_t 

Although for either GA73.3 or 19-9 IgG2a MAb patients received comparable 
amounts of antibody (10-640 mg), there were striking differences in the detec- 
tion of bound murine immunoglobulin following infusion. In patients who had 
received 19-9 IgG2a, murine Ig was detected infrequently (2/6) (Table 4). 
Evidence for bound murine immunoglobulin was seen in only two patients. Both 
patient E and patient F received higher amounts of antibody (300 mg and 640 mg 
respectively). Murine antibody antigen complexes were detected in the extra- 
cellular mucin and necrosis surrounding the tumor only. Evidence for bound mur 
ine immunoglobulin was the presence of diffuse + staining seen with PBS as the 
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TABLE 3. COMPARISON OF Abl AND Ab3 IMMUNOREACTIVITY IN COLONIC TISSUE 



Normal 
Frozen 
Fixed 

Carci noma 
Frozen 
Fixed 



Abl 
GA73.3 



2/2 
2/2 



2/2 
2/2 



Ab3 
CE 5G6 



2/2* 
0/2 



2/2 
0/2 



100% of nongoblet cells reactive. 



TABLE 4. DETECTION OF MURINE Ig IN TISSUES FOLLOWING 
INFUSION OF 19-9 IgG2a ANTIBODY 



Amount 





of MAb 


Tissue 


Pre-MAb 


Post-MAb^ 


Pat ient 


Infused 


Tested 


Infusion 


Inf us ion 


A 


10 mg 


Normal 




0 






Carcinoma 




0 






Normal 


0 


0 


B 


10 mg 


Carcinoma 


0 


0 






Metastas i s 


0 


0 


C 


30 mg 


Normal 


0 


0 






Care i noma 


0 


0 


D 


, 100 mg 


Normal 




0 






Carci noma 




0 


E 


300 mg 


Carcinoma 


0 


* * 










★ * 


F 


640 mg 


Carcinoma 


0 





Results given as insensity of reactivity and percentage of reactive cells using 
PBS as initial incubator to detect bound murine immunoglobulin (see Materials 
and Methods ) . 
**Mucin only. 



initial incubat 
obu 1 i n and the 
these patients 
IgG2a. In the 
antibody in the 
ing infusion, 
not necessarily 
both normal and 



ion followed sequentially by biotinylated anti-murine immunogl- 
avidin/biot i n/perox idase complex. Sections of the tumors of 
showed less than 5% cells reactions with either 19-9 IgGl or 19-9 
other patients however, there was staining for GICA with either 

carcinoma, but there was no evidence for bound murine Ig follow- 
The lack of murine antibody-antigen complexes, therefore, does 
correlate with lack of antigen in the tissue. GICA was seen in 
tumor cells of patients A, C and D, but only in the carcinoma of 

S83 



TABLE 5. DETECTION OF MURINE Ig IN TISSUES FOLLOWING 
INFUSION OF GA73.3 ANTIBODY 



Amount 

of MAb Tissue Pre-MAb Post-MAb 

Patient Infused Tested Infusion Infusion** 



A 




10 mg 




Normal 
Carcinoma 
Metastasi s 




0 

++ 10 
++ 5 


B 




30 mg 




Metastas i s 




+ edge 

U t LUfllU ( 


C 




100 mg 




Normal 

Carcinoma 

Metasasis 


0 
0 


++ 60 
++ 40 


D 




300 mg 




Normal 
Carcinoma^ 




++ 100 
++ 100 


E 




600 mg 




Normal 
Carcinoma 




++ 100 
100 


*Results 


given 


as intensity of reaction and percentage 


of reactive 


cells with 


PBS as initial 


incubation 


(see 


Materials and Methods). 






Ti ssues 


removed 1-2 days 


after 


infusion of monoclonal 


antibody. 




^Pancreatic carcinoma and 


normal 


t i ssue . 







patient B (data not shown). On the other hand, 5/5 patients who received GA73.3 
had evidence for murine antibody bound to post infusion tissue and staining was 
seen intracel lularly . Staining was seen in both normal and tumor tissues (Table 
5). With increasing amounts of administered antibody greater percentage of 
cells showed the presence of bound murine immunoglobulin so that in patient A, 
who received 100 mg of GA73.3, only 10% of the carcinoma and 5% of a concurrent 
liver metastasis showed staining with PBS as the initial incubation step. 
Additionally, in patient B in whom 30 mg was given, only the edge of the tumor 
metastasis showed murine antibody-antigen complexes. In contrast, patient D, 
who had a pancreatic carcinoma and patient E with a colon primary, 100% of the 
normal and malignant cells showed evidence for bound murine immunoglobulin 1-2 
days following infusion of antibody. 



DISCUSSION 

Although 19-9 IgG2a shows binding to sections of normal bronchial mucosa and 
colonic epithelium, there were no symptoms referable to these sites following 
therapeutic infusion of this antibody. This is similar to our experience with 
17-lA antibody which has been shown to bind to sections of normal renal tubules, 
bronchial epithelium and colonic mucosa .( ^ ^"^ ** ) It has been our experience that 
for selection of an antibody as an i mmunotherapeut ic agent, it is reassuring to 
show lack of binding to normal tissues, especially bone marrow. On the other 
hand, binding to sections of some epithelial tissues does not correlate with nor 
predict symptomology of subsequently infused antibody. Binding to sections of 
some tissues (especially regenerative epithelium) therefore would not preclude 
therapeutic usefulness of some monoclonal antibodies. 
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We have also shown that the binding of several related antibodies is quite 
similar. The binding of an IgG2a class switch variant was indistinguishable 
from that of IgGl antibody produced by the parental 19-9 hybridoma This is 
confirmation of the binding similarities these antibodies share. (*^) Similarly 
GA73.3 (Abl) and an ant i-ant i-idiotypi c antibody (Ab3) produced in mice have the 
same distribution as seen by IP in a small number of colon tissues. Whereas 
GA73.3 antibody bound to Bowin's fixed tissues from the same patients (both nor- 
mal and carcinoma), IP staining was not seen in fixed sections using Ab3 anti- 
ant i-id iotypic antibody. These IP differences suggest a difference in affinity. 
A similar difference in affinity may account for the differences in binding of 
GA73.3 and 17-lA to colonic carcinomas. Whereas GA73.3 consistently bound to 
90-100% of colon carcinoma cells, the 17-lA antibody frequently bound to only 
10-25% of the tumor cells. 

In addition to characterizing tissue distribution of monoclonal antibody 
defined antigens, tissue immunoperox idase studies play an important role in 
evaluating modulation of antigen with therapy, of correlating presence or 
absence of antigen with clinical responsiveness and for characterizing the pres- 
ence of bound murine immunoglobulin following infusion of antibody. 

We were able to demonstrate the presence of murine immunoglobulin on human 
tissue following therapeutic administration of monoclonal antibodies 19-9 IgG2a 
or GA73.3. There were, however, clear differences in the location and frequency 
of murine antibody-antigen complexes. These differences could not be related to 
the presence or absence of the antigen in the tissue of the patient. In 
patients who received 19-9 IgG2a murine immunoglobulin was detected infrequently 
(2/6) and was seen predominantly in the extracellular mucin surrounding the 
tumor cells. There is evidence that 19-9 antigen may be associated with a large 
mucin molecule in the serum and the monos ial ogangl i os ide detected by 19-9 has 
been demonstrated by IP in various mucin producing epithelia. It is possible 
that infused 19-9 IgG2a may have difficulty reaching viable tumor cells in 
lesions which produce a large amount of extracellular mucin because of strong 
binding to these substances. In contrast, patients who received GA73.3 showed 
the presence of murine antibody in all cases (5/5). A similar binding of murine 
immunoglobulins in tissues of patients receiving 17-lA antibody has been pre- 
viously cited. (^'•) It is not clear if there is any relationship between the 
ability to detect murine antibody-antigen complexes and other similarities sug- 
gested for GA73.3 and 17-lA antibodies. 
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ABSTRACT 

Monoclonal antibodies KS1/4, KS1/9, and KSl/17 were de- 
veloped in this laboratory from a fusion of the murine myeloma 
ceil line P3X63Ag8 with spleens of BALB/c mice -previously 
primed with UCLA P3 cells derived from a human adenocarci- 
noma of the lung. Monoclonal antibodies KS1/4 and KS^/^7 
seemed to recognize similar glycoprotein antigens on the lung 
carcinoma ceils by indirect immunoprecipttation and sodium do- 
::=cyl sulfate-polyacrylamide gel electrophoresis analysis. How- 
ever, mapping of [^H]lysine- and [^Hjarginine-iabeled tryptic pep- 
tides of antigens in specific immunoprecipitates of lung carci- 
noma cells by high-pressure liquid chromatography revealed a 
one peptide difference. Antibody KS1/9 did not immunoprecipi- 
tate any identifiable protein from detergent extracts of the im- 
munizing cell line by routine methods and appears to detect a 
glycolipid antigen. Immunocytochemical analysis of tissue^ sec- 
tions showed this monoclonal antibody to be reactive with ad- 
enocarcinomas of the lung and not with the other histological 
tvpes of lung carcinoma or normal tissue. Monoclonal antibodies 
K51/4 and KSl/17, however, reacted with 3 major histological 
types of lung cancer and minimally with the proximal tubules of 
normal kidney and the epithelium of bronchioles. 

INTRODUCTION 

Lung cancer is now considered to be the leading cause of 
cancer death in both men and women with more than 120,000 
new cases diagnosed each year (20). This disease, which can 
be divided into 4 major histological types, /.e,, epidermoid (30%), 
ccianocarcinoma (35%), large-cell undifferentiated (15%), and 
s.nali-cell (20*^0), has responded relatively poorly to most regi- 
mens of chemotherapy, and radiation therapy and surgery ap- 
pear to be the only effective therapy. However, unfortunately, 
fewer than 30% of lung cancer patients have tumors which can 
be totally resected at diagnosis and of these, fewer than one- 
third survive 5 years after apparent complete surgical removal 
of all tumor (20). 

The use of immunological approaches to manipulate the im- 
mune response of lung cancer patients offers an alternative 
rr^.eans for diagnosis, prognosis, and therapy. Surface antigens 
cn lung tumor ceils may provide the key to such an approach. 
Since antibodies to such cell surface structures with sufficient 
specificity for human lung cancer could provide potentially im- 
poaant diagnostic and therapeutic tools. The development of 
hybridoma technology for the production of MoAbs^ (10) has 
facilitated a new and incisive approach to produce specific mo- 

^ Supported in pan by NIH Grant CA34778-0. 
"■"o whom reauesis for repnnts should be addressed. 

"i^e aobreviauons used are: MoAb. monoclonal anribody: SDS-PAGE. sodium 
^^^?cyi sulfate-pofvacryiamide gei electrophoresis: ELiSA. enzyme-Jinked immu- 
'^ci -roem assav: PBS. phospnate-buffered saline. pH 7.1. 
i^eceived July i5. i983; accepied October 21 . 1983. 



lecular probes for cell surface analyses, and several investigators 
have reported antibodies with varying degrees of specificity for 
small-cell and squamous carcinoma of the lung (1, 3-6, 9, 12. 
15). 

In this regard, Mazaunc et al. (12) showed that a panel of 
MoAbs directed against the bronchogenic carcinoma cell line 
MBA 9812 and the squamous carcinoma of the lung cell line WL 
1680 were reactive against a number of lung carcinomas but 
negative against fibroblast cell lines and peripheral blood cells. 
Brenner ef a/. (4) reported MoAbs that were highly specific for 
squamous cell carcinoma, using as immunogens partially purified 
tumor antigens that were structurally similar to human histocom- 
patibility antigens. Cuttitta et al. (6) produced MoAbs by immu- 
nizing mice with human lung cancer cells and obtained 3 hybri- 
domas that reacted with small-cell carcinoma but not with a 
number of normal tissues. 

Here, we report the production of a panel of MoAbs by 
immunizing BALB/c mice with the human adenocarcinoma of the 
lung cell-line UCU\-P3. Two of these antibodies, KS1/4 and KS1/ 
17, isolated from cloned and stable hybnds, were found to 
specifically react in ELISA assays and immunoperoxidase tests 
with tumors of 3 major histological types of lung cancer. A third 
antibody, KS1/9, reacted with adenocarcinoma of the lung, 
colon, stomach, and melanoma. 

MATERIALS AND METHODS 
Ceils 

Lung tumor cell lines and lymphoblastoid cell lines were cultured in 
Roswell Park Memorial Institute 1640 media containing 10% fetal calf 
serum. 2 mM glutamtne. and gentamicin (25 MQ/ml). We originally obtained 
the lung tumor cell line T-291 (adenocarcinoma) from Dr. Masue and Dr. 
Sato. University of California at San Diego; the lung adenocarcinoma cell 
line UCU\-P3, from Dr. D. L Morton. HCUK; and the oat cell carcinoma 
line NCI-H69, from Dr. John Minna, National Cancer Institute. The 8- 
lymphoblastoid cell lines PL-3 and LI 4 were originally acquired from Dr. 
D. L. Morton, UCLA; the lymphoblastoid B-cell line LG-2 was obtained 
from Dr. R. Gatti at UCLA; Molt-4 is a T-cell line. 

Hybridomas were cultured in Dulbecco's modified Eagle's medium 
supplemented with 1 0% fetal calf serum. 2 mM glutamine, and gentamicin 
(25 Mg/ml). or as ascites in pnstane-primed BALB/c mice. 

Production of MoAbs 

MoAbs were produced to the lung adenocarcinoma cell line UCLA-P3 
by use of standard hybridoma technology (10). BALB/c mice were given 
injections once every week for a total of 4 weeks with 5x10* UCLA-P3 
cells, and their spienocytes fused with- the murine myeloma cell line 
PSAgSXSo at Day 3 after the last injection. 

Isotyping of MoAbs 

The isotype of MoAbs was determined with a Litton Bionetics kit 
(Utton Bionetics. Kensington. MD) as described in the kit instructions. 
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Radiolabeling 

The iung adenocarcinoma cell line UCLA-P3 was metabofically labeled 
- with (^H]leucine, [^HJIysine, [^HJarginine, or [^Hlgiucosamine as described 
previousiy (17). Labeled cells were washed with 0.9% NaCI solution and 
extracted with 0.01 m Tris-HCI, pH 8.5, containing 0.15 m NaCI, 1% 
Renex-30. and 0.5 mw phenylmethylsulfonyl fluoride for 30 min at 4°. 
Foilowing centrifugation at 15,000 x g for 30 min to remove insoluble 
material, the radiolabeled supernatant extract was stored at -20° until 
further use. 

Indirect immunoprecipitation and SDS-PAGE 

Radiolabeled extracts of UCLA-P3 cells were reacted with MoAb 
bound to protein A-Sepharose or with an appropriate second antibody 
as descnbed previousiy by Quaranta et aL (14). Bound antigens were 
analyzed by SDS-PAGE as described by Laemmli (11) and visualized by 
fluorography as described by Bonner and Laskey (2). 

EUSA Assay 

Initial specificity screening of hybridoma supernatants was by an 
EUSA assay using dned cells as targets as described previousiy by 
Harper and Orengo (8). MoAb supernatants were used diluted 1:2 in 
0.1% bovine serum albumin in PBS. pH 7.1 . with 0.2% Tween 20 (PBS- 
Tween). 

Inhibition EUSA Assay for Detection of Antigens in Spent Medium 

WoAbs were senatly diluted in 0.1% bovine serum albumin in PBS- 
Tween and assayed for reactivity with UCLAi-P3 cells dried onto the 
surfaces of 96-well microliter plates using the EUSA method. The optimal 
dilution of MoAb was determined to be 0.01 ^g/ml. Antibody at this 
dilution was then incubated for 2 hr at 4"=' with serial dilutions of spent 
medium from UCLA-P3 cells and also with known dilutions of purified 
glycoprotein extracted from these same cells with Renex 30 (19). After 
incubation, the resultant mixture was applied to UCLJ\-P3 cells dried 
onto 96-well plates, and the EUSA assay was performed as described. 

Tryptic Peptide Mapping by High-Pressure Liquid Chromatography 

The procedure used for tryptic peptide mapping is that described by 
Walker ef aL (18). Briefly, antigens isolated by indirect immunoprecipita- 
tion from cell extracts labeled with [^H]lysine and [^H]arginine were 
subjected to SDS-PAGE in tube gels. These gels were sliced in 2-mm 
sections and the sections eiuted in H2O. The position of the peaks was 
determined by scintillation counting of aliquots. and the peak fractions 
were pooled. Human 7-giobulin was added as a carrier, and the mixture 
was reduced with dithiothreitol and carboxamidomethyiated. Proteins 
were precipitated with acetone, digested with L-(tosylamido-2- 
phenyl)ethylchioromethyl ketone-treated trypsin (Worthington Biochemi- 
cal Co.), and separated by high-pressure liquid chromatography on a 
BioRad ODS-5S column with a complex, nonlinear gradient of 0.1 m 
sodium phosphate. pH 2.1, to 80% acetonitrile over a period of 90 min. 
Fractions were collected, dned, and counted. 

Tissues 

Portions of fresh normal and malignant tissue were obtained from the 
surgical pathology department of the Ida M. Green Hospital of Scripps 
Ciinic. Specimens were embedded in Tissue Tek Medium (Scientific 
Products) and frozen in blocks in Isopentane at liquid nitrogen tempera- 
ture. They were then stored at —70*^. 

Immunoperoxidase Staining 

Frozen Tissues. Sections of frozen tissue blocks. 4- to S-^im thick, 
were cut on the microtome/crvostat, mounted on glass slides, briefly air- 
dried, and either stained immediately or stored at -70** in airtight boxes. 



An indirect immunoperoxidase assay, as described by Taylor (1 6), wa: 
used to stain these slides. Briefly, after a washing in PBS. the section: 
were preincubated for 1 5 min at room temperature in PBS containln- 
10% goat serum and 0.1% bovine serum albumin. Excess serum wa: 
then ptpeted off. and appropriately diluted MoAb was overiayed onto tn? 
sections. Antibodies were titered for the highest dilution reacting witJ- 
lung carcinoma cells without a decrease in staining intensity, and \ha> 
dilution was used to screen normal tissues, e.g., for KS1/4, a 1:64 
dilution of purified antibody was used; and for KS1/9. a 1:16 dilution o) 
purified antibody was used. It was necessary to dilute the MoAbs to 
reduce nonspecific binding which was also detected with P3X63 super- 
natants. This nonspecific binding was most prominent on the mucosa of 
normal colon. The slides were allowed to incubate in a humid chamber 
for 1 hr. The sections were then briefly washed in PBS and overiaid w:-.-i 
a 1:50 dilution of peroxidase-conjugated goat anti-mouse antibody (Ic j 
+ IgM) (Tago Chemicals). This step was followed by a 1-hr incubation at 
room temperature followed by a wash in PBS. The color reaction was 
developed with diaminobenzidine (1 mg/ml) and 0.03% Ht02. After a 
brief counterstain with 1% methylene blue, the slides were washed in 
water and dehydrated in isopropyl alcohol. They were then cleared in 
xylene, mounted in Permount, coverslipped, and examined using an 
American Optical Microstar Series 20 microscope. 

Immunofluorescence Staining 

Uve tissue culture cells (1 x 10*) of the adenocarcinoma cell line use a 
for immunization were washed with PBS in Eppendorf tubes. Undiluiea 
MoAb was incubated for 45 min on ice. and the cells were washed ana 
incubated with fluorescein-labeled goat anti-mouse antibody (Tago 
Chemicals) for 45 min on ice. The cells were washed again and fixeo 
using 1% formaldehyde. A small drop was applied to glass slides, 
coverslipped, and viewed using a Leitz Orthoplan fluorescence micro- 
scope. 



RESULTS 

Production and Characterization of MoAbs. Fusion of BAL3/ 
c sptenocytes immunized with UCLA-P3 cells resulted in 900 
hybridomas. Out of these 900 clones. 1 7 hybridomas were found 
by ELISA assay to react with lung adenocarcinoma or other 
tumor cell lines but not with the B-iymphoid ceil line autologous 
with UCLA-P3, PL3, other T- and B-lymphoblastoid cell lines or 
the human fibroblast cell line, WI38. The ELISA binding results 
are summarized in Table 1 . Preliminary selection by immunope- 
roxidase staining of tumor and normal tissues (data not shown) 
demonstrated that 3 of the MoAbs, KS1 /4 (IgG2a), KS1/9 (Ig^')' j 
and KS1/17 (IgG2b), reacted specifically with tumor cells cut 
with few if any normal tissues. Therefore, the antigens recog- 
nized by these antibodies were further characterized. 

Table 2 summarizes the pattern of reactivity with normal and 
tumor tissue detected by immunoperoxidase staining of MoAbs 
KS1/4, KS1/17. and KS1/9. MoAbs KS1/4 and KS1/17 botn 
reacted equally well not only with adenocarcinoma, epidermoid 
carcinoma, and sman-ceH carcinoma of the lung but also wit^ 
colon, breast, and stomach adenocarcinomas. Both antibodies, 
however, faintly stained bronchial epithelial cells of normal lung- 
the proximal tubules of the kidney, as well as acinar cells of f'se 1 
pancreas. No specific celt type in the bronchial epithelium stained- I 
Interestingly, both MoAbs, KS1/4 and KS1/17, reacted strongiy 
with fetaflung, fetal proximal tubuies of the kidney, and fetal 
colon. MoAb KS1/9 reacted with adenocarcinomas of the lung- 
colon, stomach, and melanoma, but failed to react with all normal 
tissues tested. A peroxidase antiperoxidase method was usee 
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Adenocarcinoma 



Tatrfe 1 

Reactivity of MoAbs with tissue culture ceil lines by EUSA 



Anti- 
body 



Lung 



P-3 T-291 



Pan- Oat cell 
areas carcinoma 
(Panc-l) (NC1-H69) 



Melanoma 



Lymphob/astotd 



Fibro- 
Wast 



M-14 M-21 PL-3 LG-2 L-14 Mo!t-14 Wl-3a 



KSl/2 

KS1/3 

KS1/4 

KS1/5 

KSV6 

KS1/7 

KS1/8 

KSV9 

KSl/TO 

KSip 1 

KS1/12 

KSVT3 

KS1/14 

KS1/15 

KS1/16 



+ 

+4- 

-I- 

+ 



' +. EUSA absomance of 0.2 to 1 .0: EUSA absorbance of 1 .0 to 2.0 or greater; - EUSA 
equai to background. 



absoroance — 



Table 2 

Reactivity of MoAt>s by immunoperoxidase staining of tissues 



Tumors (no. of specimens tested) 



KSl/'^ KSl/17 



KS1/9 



Adenocarcinoma 
Ujng (6) 
Colon (3) 
Stomacn ( 1 ) 
Breast (1) 
Pancreas (1) 

Epidermoid carcinoma, lung (3) 
Small-cell caranoma. lung (6) 
Melanoma (4) 

NormaJ 
Spleen (3) 
Liver (3) 
Colon (3) 
Kidney (3) 

Lxing broncnioles (3) 
Lung alveoii (3) 
Pancreas [3) 
Bratn (3) 

Fetal tissues 
Lung 

Kidney proximal tubules 
Colon mucosal lining cells 



+ 



- (few) 



+. strong staining: -. no staining: ±, faint reaction with prox/maJ tubules of 
kidney, bronchioiar lining epitnelium and aanar cells of the pancreas. 



to confirm 3se findings (data not shown) (16). 

Fig. 1 de. ,:onstrates the immunoperoxidase staining patterns 
of KS1/4, KS1/9, and KS1/17 MoAbs with an adenocarcinoma 
of the lung. All 3 MoAbs react intensely with the tumor ceils but 
are unreactive with surrounding normal tissue. 

Immunochemical Identification oi Lung Tumor-associated 
Antigens. Indirect immunoprecipitation of [^HJIeucine-iabeled de- 
tergent extracts of UCUK-P3 cells with MoAbs KS1/4, KS1/17, 
and KS1/9 and subsequent analysis by SDS-PAGE demon- 
strated that KSl/4 and KS1/17 both recognize a protein of yw,- 
40,000 (Fig. 2). Thus far, KS1/9 failed to react by indirect 
immunoprecipitation with an antigen detectable on SDS-PAGE. 
To determine whether KS1/4 and KS1/17 reactive, antigens 



are glycosylated, UCLA-P3 cells were labeled with [^HJglucosa- 
mine, and the resulting extract was tested by indirect immuno- 
precipitation with the 2 MoAbs. As is apparent from Fig. 2, the 
Mr 40,000 protein recognized by KSl/4 and KS1/17 is a glyco- 
protein, since it is capable of incorporating pHjglucosamine. 

To determine if both antigens of Mr 40,000 recognized by 
KSl/4 and KS1/17 were identical, their tryptic peptide profiles 
were compared by high-pressure liquid chromatography. The 
resulting peptide maps are shown in Chart 1 . The top of Chart 
1 depicts a companson of the [^Hjarginine-labeled tryptic pep- 
tides of the Mr 40.000 antigens recognized by MoAbs KS1 /4 and 
KS^/^7. The bottom of Chart 1 shows a companson of the [^H]- 
lysine-labeled tryptic peptides of these 2 antigens. Since both 
(^HJIysine and [^H]arginine tryptic peptides were analyzed, it is 
possible to compare every peptide except the COOH-terminal 
peptides which would not be labeled. As is evident from the 
data, the 2 molecules are very closely related. There appears to 
be complete homology between the arginine-containing pep- 
tides, although one difference exists between the lysine-contain- 
ing peptides. The antigen identified by KS1/4 has ,a unique 
peptide eluting at 32 min, and a possible difference exists be- 
tween the 2 molecules as indicated by the difference in the 
peptides which eluted at 95 min. These data suggest that the 
MoAbs KSl/4 and KS1/17 react with antigens that are structur- 
ally extremely similar. 

Location of Antigens Reactive with KS1/4-and KS1/9 
MoAbs. To determine whether the antigens recognized by 
MoAbs KS1/4 and KS1/9 are surface or intracellular structures, 
line UCLjA-P3 adenocarcinoma cells were reacted with the 2 
MoAbs, and the binding was monitored with goat anti-mouse 
antibody conjugated to fluorescein. As is evident in Rg. 3, the 
plasma membrane stains very brightly, suggesting that these 2 
antigens are external membrane-associated antigens. In addi- 
tion, the antigens recognized by the 2 MoAbs appear to be firmly 
anchored in the plasma membrane, since neirher antigen could 
be detected in spent culture media by inhibition EUSA assays. 
After incubation of MoAbs KSl/^, KS1/9, and KS1/17 with senaJ . 
dilutions of spent medium from UCIA-P3 cells, there was no 
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Retention Time (min) 

Cham Tryptic peptide maps oi antigens recognized by MoAbs KS^|4 and 
KS1/17 Tap comparison of the [^Hjarginine (>^/?GHabeied tryptic peptides of the 
M, 40.000 antigens recognized by the 2 MoAbs: bonom, companson of the 
[^Hllysine (LYSHabeled tryptic peptides of these same 2 antigens. 

inhibition of reactivity with target UCLA-P3 cells. Using a purified 
antigen preparation, we were able to detect 2 mQ of antigen per 
mi of spent culture medium. 

DISCUSSION 

It is apparent from our studies that 3 hybhdomas, KS1 /4, KS1/ 
9, and KS1/17, are pf interest, since they appeared to be 
reasonably specific for lung cancer cells by immunoperoxidase 
staining. When a pane] of normal and tumor tissues was tested, 
the antibodies bound strongly to tumor tissues but either failed 
to react or reacted only weakly with a variety of normal tissues. 
It was of particular interest that MoAbs KS1/4 and KS1/17 
reacted with adenocarcinoma, epidermoid carcinoma, and small- 
cell carcinoma, because it suggests that these 2 MoAbs may be 
potentially useful as diagnostic and/or therapeutic agents, since 

^ the antigen(s) recognized by them was expressed on ail of the 

'4ung tumors tested . 

Both MoAbs KS1 /4 and KS1/17 probably react with the same 
or extremely similar antigen(s). since the peptide maps of the 
antigen recognized by the 2 MoAbs are neariy identical. While 
the one peptide difference detected may be due to a difference 
in amino acid sequence, it is equally likely that this difference 
may be due to a posttransiational modification such as giycosy- 



tation or DhosDhoi^,._Jon. it also appears likely that MoAbs KSI/ 
4 and KS1/17 react with different epitopes since, othewise. 
their peptide maps would have been identical. 

The ongin of this 40,000 glycoprotein is unclear. It may be 
a new antigen expressed by tung carcinoma cell or a modified, 
normally expressed cell surface antigen. Because of its similarity 
in molecular weight with that of HLA-A,B antigens, we have 
compared the peptide maps of HLA-A,B antigen isolated with 
the MoAb W6/32 to those of the 40,000 glycoprotein and 
found no similarities (data not shown). From the results obtained 
to date, there is a strong possibility that it is a fetal antigen, since 
the antigen is expressed on fetal lung, kidney, and colon tissue, 
but is at best faintly visible on the con^esponding adult tissues, 

MoAb KS1/9 was found to react with lung as well as oth- 
adenocarcinomas but not with epidermoid or small-cell lung 
carcinomas. Since KS1/9 reacted also with melanoma, its lack 
of reactivity with small-cell carcinoma of the lung may be of 
interest, since the cell of ohgin of both tumors is derived from 
the neural crest (7, 13). 

The chemical nature of the antigens recognized by KS1/9 is 
as yet undefined. It is apparently not a protein, since it could not 
be detected by indirect immunoprecipitation following labeling 
with [^H]leucine. lysine, or glucosamine. Preliminary data (not 
shown) suggest that the KS1/9 MoAb binds to a iipid or glycj- 
lipid, since reactivity was detected in chtoroform:methanol ex- 
tracts of UCLA-P3 cells. We are currently determining the exact 
nature of this antigen since, thus far, it seems to react only with 
tumor cells and to be completely unreactive with norma! tissues. 
The MoAbs descnbed here appear to possess sufficient specific- 
ity for lung cancer and to be of potential diagnostic and thera- 
peutic use. especially since preliminan/ expenments already sug- 
gest that, either alone or when conjugated to drugs, they can 
suppress the growth of human lung tumors in athymic (nulru) 
mice. 
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